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ELECTROSTATIC LATENT IMAGE APPARATUS 

This is a continuation of application Ser. No. 421,075, 
?led Oct. 13, 1989. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electrostatic 

charge latent image member for use in such as an elec 
trophotographic machine capable of simultaneously 
performing such process as charge not by the corona 
discharge, exposure, developing, cleaning and the like. 

2. Description of Related Art 
As for an electrophotographic machine, the one that 

employing the corona discharge is generally well 
known. FIG. 1 is a schematic view showing an electro 
photographic machine employing the corona discharge. 
In the ?gure, there are arranged around an electrostatic 
latent image member 30 a charger 31 for performing 
such process as corona charge, exposure, developing, 
transfer, cleaning, erasing, or the like, a developing unit 
32, a transfer unit 33, a cleaner 35, an erasing lamp 34, 
and the like. The electrostatic latent image member 30 is 
to take the following process repeatedly while being 
rotated. The electrostatic latent image member 30 is 
electri?ed by the charger 31 so as to form an electro 
static latent image by projecting an optical image, and 
then the developing unit 32 forms a toner image and the 
transfer unit 33 transfer it on a recording paper 37 and 
a ?xing unit 36 ?xes it on the recording paper 37. At 
that time, the cleaner 35 removes residual toner and the 
erasing lamp 34 erases residual electrostatic charge. 
Accordingly, there has been a disadvantage that both 
constitution and process of the conventional machine is 
complicated. 

In order to avoid this disadvantage, the electrophoto 
graphic machine not employing the corona discharge is 
proposed recently in such as J. Appl. Phys., Vol. 63, 
No. ll, Jun. 1, 1988. FIG. 2 is a schematic view show 
ing an electrophotographic machine not employing 
corona discharge where there are arranged a magnetic 
brush 41 on the upper periphery of the electrostatic 
latent image member 40, a transfer roller 42 on the 
lower periphery of the electrostatic latent image mem 
ber 40, and an LED array head 43 inside the electro 
static latent image member 40. 
The electrostatic latent image member 40 is com 

posed of layers, a transparent electrode 40b, and a pho 
toconductive layer 40c comprised in a photosensitive 
unit on the outer periphery of a transparent supporting 
member 400 made of glass. Between the transparent 
electrode 40b and a magnetic roller 41a in the magnetic 
brush 41, applied developing bias. Low-resistance toner 
.is to be stuck to around a sleeve 41b which covers the 
periphery of the magnetic roller 41a to form the so 
called magnetic brush 41, the magnetic brush 41 being 
in contact with the periphery of the photoconductive 
layer 400, generates a strong electric ?eld between the 
surface of the magnetic brush 41 and the photoconduc 
tive layer 400. In this state, the conductive toner layer 
rubs the photoconductive layer 400 to intensify their 
electric contact with each other so that electric charge 
is easily to be injected, and by the injected electric 
charge being trapped the photoconductive layer 400 is 
to be electri?ed. When the electrostatic latent image 
member 40 is electri?ed up to generally the same poten 
tial as that of the toner layer, electric attraction is not 
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2 
generated between the toner and the electrostatic latent 
image member 40, so that the toner is prevented from 
sticking to the surface of the photoconductive layer 400. 
In this state, because when an optical image projected 
from a head 43 enters the photoconductive layer 40c 
from the inside of the transparent supporting member 
400, potential of its exposed portion is reduced, accord 
ing to the principle of the inversion, the toner comes 
apart from the magnetic brush 41 and then sticks to the 
photoconductive layer 40c to form a toner image which 
is to be transferred on a recording paper 44 by a transfer 
roller 42. 

Residual toner on the surface of the electrostatic 
latent image member 40 is removed by both scrubbing 
force of the magnetic brush 41 and magnetic force of 
the magnetic roller 41a. Accordingly, charge, exposure, 
developing, and cleaning of the electrostatic latent 
image member 40 are generally simultaneously per 
formed by the magnetic brush 41 and the head 43, 
which results in such an advantage that constitution and 
process of this apparatus is greatly simpli?ed. 
However, in the photosensitive unit of this electro 

photographic machine being different from that of the 
conventional one, mainly travels a carrier with polarity 
'opposite to that of charge of the photosensitive unit, 
which results that it is difficult for this photosensitive 
unit to obtain clear images. 
As has been aforementioned, for the above-men 

tioned electrophotographic machine, it is necessary that 
the injected electric charge by the toner layer should be 
trapped at the electrophotographic process. 

SUMMARY OF THE INVENTION 

The foregoing disadvantage is overcome in accor 
dance with the present invention. 

It is a ?rst object of the invention to provide an elec 
trostatic latent image member which can surely trap the 
electric charge on the surface of a photosensitive unit to 
realize such high photo-conductivity as to obtain clear 
images with low surface-potential. 

It is a second object of the invention to provide an 
electrostatic latent image member which has a photo 
conductive layer wherein mobility of a carrier is greater 
when the carrier has a polarity which is opposite to the 
polarity of the electric surface potential than when the 
carrier has a polarity which is the same or equal to the 
polarity of the electric surface potential. 

It is a third object of the invention to provide an 
electrostatic latent image member which includes 1 to 
40 atomic percent of H to realize such high photo-con 
ductivity as to obtain clear images with low surface 
potential. 
The above and further objects and features of the 

invention will more fully be apparent from the follow 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing an arrangement 
of an electrophotographic machine employing the co 
rona discharge, 
FIG. 2 is a schematic view showing an arrangement 

of an electrophotographic machine not employing the 
corona discharge, 
FIG. 3 is a schematic view showing an arrangement 

of an electrophotographic machine of the present inven 
non, 
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FIGS. 4 and 5 are schematically partially sectional 
views of an electrostatic latent image member of the 
present invention, 
FIG. 6 is a graph showing percentage of absorption 

of a typical amorphous silicon ?lm under light with 660 
nm wavelength, 
FIG. 7 is a graph showing energy bands of a transpar 

ent electrode and a photosensitive unit, 
FIG. 8 is a graph showing dependence of transporta 

tions of an electron and a hole on a B2116 concentration 
photoconductive layer, and 
FIG. 9 is a block diagram showing an arrangement of 

an apparatus for producing an electrostatic latent image 
member of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the accompanying drawings, pre 
ferred embodiments of the invention are described 
below in detail. 
FIG. 3 is a schematic view of an electrophotographic 

employing an electrostatic latent image member in ac 
cordance with the present invention. Numeral 1 repre 
sents an electrostatic latent image member of the inven 
tion, 2 a magnetic brush, 3 an LED array head, 4 a 
transfer roller, and 5 a recording paper. 
The electrostatic latent image member 1 being in 

cylindrical form is driven to rotate around a shaft (not 
shown) in the direction shown by the arrow. Facing the 
upper portion of periphery of the electrostatic latent 
image member 1, arranged the magnetic brush 2 for 
performing charge, developing, erasing, cleaning or the 
like, and opposite to the magnetic brush 2, inside the 
electrostatic latent image member 1, arranged the LED 
array head 3 for performing exposure, and facing the 
lower portion of periphery of the electrostatic latent 
"llngememherlanangedthetransferroller4fortrans 
ferring a toner image on the recording paper 5. 
FIG. 4 is a fragmentary sectionally constitutional 

view illustrating one example of the electrostatic latent 
image member 1 in accordance with the present inven 
tion. In the ?gure, reference numeral 11 designates a 
transparent supporting member made of glass, etc. On 
the transparent supporting member 11 provided a pho 
tosensitive unit which is layered in such order from the 
outer surface as a transparent electrode 12 comprising 
such as ITO, SnO1, or the like, a blocking layer 13 
mainly made of amorphous silicon, and a photoconduc 
tive layer 14 also being mainly made of amorphous 
I‘Iicon. 

In the following, two kinds of embodiments will be 
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expressed according to the electrophotographic latent _ 
image member of the present invention, one is to im 
prove charge performance with an insulating thin ?lm 
surface layer, and another is additionally to dope in the 

of the surface of its photoconductive layer an 
element 140 for trapping the electric charge injected 
from a toner layer. The element 140 employed for an 
electrostatic latent image member with negative charge 
is such an element as boron, aluminium, gallium, in 
dium, or the like which belongs to III-a group of the 
periodic table and for an electrostatic latent image 
member with positive charge is such an element as 
antimony, arsenic group, phosphorus, nitrogen, or the 
like which belongs to V-a group of the periodic table. 
FIG. 5 is a fragmentary sectionally constitutional 

view showing another embodiment of the electrostatic 
latent image member 1 in accordance with the present 
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4 
invention. In the ?gure, reference numeral 11 designates 
a transparent supporting member made of glass, etc. On 
the transparent supporting member 11 provided a pho 
tosensitive unit which is layered in such order as a trans 
parent electrode 12 comprising such as ITO, $1102, or 
the like, a blocking layer 13, and a photosensitive unit 
being layered a photoconductive layer 14 mainly com 
posed of amorphous silicon, and a surface layer 15 
mainly composed of amorphous silicon in this order. 

Conditions for forming the photoconductive layer 14 
are illustrated as in Table I. 
There are two embodiments according to the electro 

static latent image member of the present invention, one 
is to use an insulating thin ?lm, and another is to dope 
on its surface layer 15 the element 140 for trapping 
electric charge injected from the toner layer. The ele 
ment 14a employed for the electrostatic latent image 
member with negative charge is such an element as 
boron, aluminium, gallium, indium, or the like which 
belongs to III-a group of the periodic table, and for 
the electrostatic latent image member with positive 
charge is such an element as antimony, arsenic group, 
phosphorus, nitrogen or the like which belongs to V-—-a 
group of the periodic table. 

In order to obtain higher photo-conductivity, H con» 
tent of each, the blocking layer 13, the photoconductive 
layer 14, the surface layer 15, and the whole photosensi 
tive unit being composed of these three layers are set to 
be I to 40 atomic percent, and preferably to be 8 to 30 
atomic percent, respectively. 
B content in the photoconductive layer 14 is set to be 

as OéB/SiéZX 10-4 atomic percent, in addition 0 
content to be as 0<O/Si§0.l atomic t. 
Each ?lm thickness of the blocking layer 13 and the 

surface layer 15 is 0.01 to 1.0 pm, and the whole thick 
ness of the blocking layer 13, the photoconductive layer 
l4,andthesurfacelayer l5togetherissuhstantially0.5 
to ID um, and preferably 0.5 to 5 pm, and more prefera 
bly 0.5 to 1 pm. 
Those thicknesses of the films are not necessarily 

limited to such as referred above, and, in general, ?lms 
areabletobethinnerthanthoaebeingmainlymadeof 
amorphoussiliconwhichhavebeendevelopedforthe 
electrophotographic machine employing the corona 
discharge shown in FIG. 1. However, any thickness is 
proper when taking the proper light absorption under a 
determined wavelength into account to set certain val 
ues. 

In the embodiments, the electrostatic latent image 
member with negative charge is taken for an example, 
in which boron (B) is employed as the doping element. 
To put it concretely. 3:"6 gas is injected therein at a 
predetermined flow ratio in the vicinity of the surface of 
the photoconductive layer 14 shown in FIG. 4 or in the 
surface layer 15 shown in FIG. 5 when the layer is 
formed. 
As for the electrostatic latent image member of such 

constitution as described above in accordance with the 
present invention, when the surface of either the photo 
conductive layer 14 or the surface layer 15 is positively 
charged by the magnetic brush 2, then, on the contrary, 
the surface of the transparent electrode 12 is negatively 
charged, so that the blocking layer 13 holds the,state 
without contradicting those positive and negative elec 
tric charges with each other. In that state, when the 
LED array head 3 projects an optical image from the 
side of the transparent supporting member 11, the light 
penetrates both the transparent supporting member 11 
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and the transparent electrode 12 and then enters the 
photoconductive layer 14 being comprised in the photo 
sensitive unit, and the light energy produces carriers, 
that is, electrons and holes. Accordingly, as may clearly 
be shown in FIGS. 4 and 5, the position where the 
electrons and the holes are produced is the area nearby 
the blocking layer 13 inside the photoconductive layer 
14. The produced electrons are transported to the side 
of the positively electri?ed surface layer 15, while the 
produced holes are transported to the side of the nega 
tively electri?ed transparent electrode 12, respectively. 

Incidentally, absorption of a typical amorphous sili 
con ?lm (Eopt 1.68 eV) under the light with 660 nm of 
wavelength is as shown in FIG. 6. In FIG. 6, the hori 
zontal axis designates ?lm thickness (um) and the verti 
cal axis designates absorption (percentage) of ?lm, 
where the ?lm with 4 pm of thickness has generally 90 
percent in its absorption. 
FIG. 7 illustrates energy bands of the photosensitive 

unit including the transparent electrode 12. As can be 
seen from the ?gure, substantially most light which has 
penetrated the transparent electrode 12, the blocking 
layer 13, and the photoconductive layer 14 is absorbed 
in the area nearby the blocking layer 13, where elec 
trons and holes are produced. Those produced elec 
trons are transported a long way off to the side of the 
surface layer 15, while the produced holes are trans 
ported a shorter way to the side of the blocking layer 
13. In other words, the transported distance of the car 
rier is longer with polarity opposite to that of the poten 
tial of the surface layer 15 than with the equal polarity 
to that of the potential of the surface layer 15. There 
fore, the transportation of the electron transported 
longer becomes more important, and because the trans 
portation depends on B2H6 concentration, the transpor 
tation of the electron is determined by selecting the 
precise B2H6 concentration for it. 
FIG. 8 is a graph showing the dependence on B2H6 

concentration of the transportation (mu 1): quantum 
efficiency, PL: mobility, 1': life) of the electron and the 
hole in the photoconductive layer, in which the hori 
zontal axis designates ?ow ratio (ppm) of B2H6 to SiH4 
and the vertical axis designates nit-r. 
As may be obviously seen from the graph, the trans 

portation of the electron is higher in the range of 0 to 0.4 
ppm of B2H6/SiH4, and that of the hole is higher in the 
range of 0.2 to 10 ppm of BzH6/SiI-I4. In general, the 
concentration value of the electrostatic latent image 
member may be preferable 0 to 0.4 ppm of B2H‘6/SiH4 
for positive charge, while 0.2 to 10 ppm for negative 
charge. 
There is a need to trap the electric charge injected 

from the toner layer in the vicinity of the surface of the 
photoconductive layer 14 for the embodiment shown in 
FIG. 4, and in the surface layer 15 for the embodiment 
shown in FIG. 5. In order to trap the electric charge, it 
is necessary to thicken B concentration in the vicinity of 
the surface of the photoconductive layer 14 or in the 
surface layer 15. In order to meet that need, the present 
invention applies an insulating thin ?lm to the surface 
layer 15 to improve charge performance, and addition 
ally sets higher value of B concentration in the vicinity 
of the surface of the photoconductive layer 14 or in the 
surface layer 15 so as to trap the electric charge. 
Now one embodiment of the present invention will 

concretely be explained with reference to FIG. 9. 
FIG. 9 is a schematic view of an apparatus for pro 

ducing the electrostatic latent image member 1 in accor 
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6 
dance with the present invention. In the ?gure, numeral 
16 designates a reaction chamber, and the reaction 
chamber 16 is a hollow cylinder with both ends being 
sealed. In the reaction chamber 16, a cylindrical dis 
charge electrode 17 is concentrically arranged, which is 
connected to a high frequency power source 18. In the 
center of the bottom of the reaction chamber 16, a shaft 
19 is vertically pivoted, to the lower end of which is 
concentrically ?xed a motor M and to the upper end is 
concentrically amounted a transparent supporting 
member 11 with a transparent electrode 12 on its sur 
face. The transparent supporting member 11 is driven to 
rotate being headed by a heater (not shown) which is 
arranged inside the reaction chamber 16. 
To the reaction chamber 16 is connected a mechani 

cal booster pump 20, a rotary pump 21, and further gas 
tanks through each ?ow adjuster 22 in parallel. 
Each gas tank contains N20, NH3, PH3, SiH4, B2H6, 

H2, and so forth, respectively, and the ?ow adjuster 22 
supplies each of them into the reaction chamber 16 by 
each predetermined volume. 
While the transparent supporting member 11 with the 

transparent electrode 12 on the surface is being rotated, 
it is heated up to approximately 270° C. by the heater, 
and SiH4 gas and the reaction gasses according to such 
forming conditions as shown in Tables 2 through 17 are 
made to flow into the reaction chamber 16 so as to 
maintain the predetermined pressure therein. And on 
the transparent supporting member 11 with earth poten 
tial, the high frequency power source 18 applying 13.56 
MHz of high frequency (RF) to the discharge electrode 
17 with the predetermined output, formed the blocking 
layer 13, the photoconductive layer 14, and the surface 
layer 15. 
The following examples of electrostatic latent image 

member produced by the apparatus shown in FIG. 9 
’ further illustrate preferred operations within the scope 
of the present invention. 

EXAMPLE 1 

The electrostatic latent image member is formed 
under such conditions as shown in Table 2. 
From the result of measurement of transportations 

npxr of the electron and the hole so as to evaluate a 
performance of the obtained electrostatic latent image 
member under such conditions as shown in Table 2, the 
following results are established: 

Comparing those results, it can be seen that the elec 
tron with reverse polarity to the surface potential has 
higher transportation than the hole. 

EXAMPLE 2 

The electrostatic latent image member is formed 
under such conditions as shown in Table 3. 
The blocking layer is produced with PH3 instead of 

B2H6 to form an amorphous silicon layer of n-type con 
ductivity, and the photoconductive layer is produced 
by doping B2H6/SiH4 ppm=1 ppm. 
From the result of measurement of transportations 

mu of the electron and the hole so as to evaluate a 
performance of the obtained electrostatic latent image 
member, the following results are established: 
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Comparing those results, it can be seen that the hole 
has higher transportation than the electron. 

EXAMPLE 3 

The electrostatic latent image member is formed 
under such conditions as shown in Table 4 by varying 
thickness of each layer and ratio of NH3/SiH4. Other 
conditions are substantially the same as in Example 1. 
From the result of measurement of transportations 

run of the electron and the hole so as to evaluate a 
performance of the obtained electrostatic latent image 
member, the following results are established: 

Comparing those results, it can be seen that the elec 
tron has higher transportation than the hole. 

EXAMPLE 4 

The electrostatic latent image member is formed 
under such conditions as shown in Table 5. The block 
ing layer 13 is produced with PH; instead of 81H‘, to 
form an amorphous silicon layer of n-type conductivity, 
and the photoconductive layer 14 is produced by dop 
ing Bzl-k/SiI-I4=l ppm with 5 pm of its ?lm thickness. 
Other conditions are substantially the same as in Exam 
ple 1. 
From the result of measurement of transportations 

run of the electron and the hole so as to evaluate a 
performance of the obtained electrostatic latent image 
member, the following results are established: 

Comparingthoseresulmitcanbeseenthatthehole 
has higher transportation than the electron. 
When images are produced with those obtained elec 

trostatic latent image members under such conditions as 
inEaamples l-4bysuchanapparatusasshowninFlG. 
Atheonesobtainedineaampleslandllproduceclear 
images under positive charge with +20 V of develop 
ingbias,andtheossesobtainedinexamples2and4 
produce clear images under negative charge with ~20 
V of developing bias. 

In addition, the one obtained in example 3 produces 
clear images even with 1 pm of ?lm thickness of the 
photoconductive layer 14. Furthermore, even when 
such each ?lm thickness of those layers is made to be 
thinner as that of the blocking layer 13 to be 0.1 pm, 
that of the photoconductive layer 14 to be 0.8 pm, and 
that of the surface layer 15 to be 0.1 pm, respectively, 
clear images can be obtained by reoptimizing a develop 
ing unit. 
The following examples will examine to trap the 

electric charge to improve charge performance by 
thickening B concentration in the vicinity of the surface 
of the photoconductive layer 14 in the embodiment 
shown in FIG. 4, or in the surface layer 15 in the em 
bodiment shown in FIG. 5. 
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8 
EXAMPLE 5 

The electrostatic latent image member is formed 
under such conditions as shown in Table 6. 
The electrostatic latent image member is formed with 

such varied flow ratios of B2116 of the surface layer 15 
alone as shown in Table 7 and with the same other 
forming conditions, and quality of its obtained images 
are similarly examined as aforementioned. 
As can be seen from Table 7, the quality of images are 

inferior with less than 10 ppm of the flow ratio of 
B2H6/SiI-I4, good within 50 to 200 ppm, and superior 
with 100 ppm, respectively. 
Now, in Example 5, the electrostatic latent image 

member is produced with such varied ?lm thicknesses 
of the surface layer 15 alone as shown in Table 8 and 
with the same other forming conditions, and then qual 
ity of its obtained images are similarly examined. In 
addition, the time necessary for forming the surface 
layer 15 is varied according to the variation of its ?lm 
thickness. . 

As can be seen from Table 8, the quality of the ob 
tained images are inferior with less than 500 A of ?lm 
thickness of the surface layer 15, good within 500 to 
2000 A, and superior with 1000 A, respectively. 

EXAMPLE 6 

The electrostatic latent image member is formed 
under such conditions as shown in Table 9. 

In Example 6, the electrostatic latent image member 
is produced with such varied ?lm thicknesses of the 
surface layer 15 alone as shown in Table I0 and with the 
same other forming conditions, and the quality of its 
obtained images are similarly examined. In addition, the 
time necessary for forming the surface layer 15 is varied 
according to the variation of its ?lm thickness Further 
more,acertaingradientisgivento8concentrationin 
the surface layer 15. 
As may be seen from Table 10, the quality of its ob 

tained images are inferior with less than 200 A of ?lm 
thickness of the surface layer 15, good within 200 to 
20!) A, and superior with NIX) A, respectively. 

EXAMPLE 7 
The electrostatic latent image member is formed 

under such conditions as shown in Table 11. 
In Example 7, the electrostatic latent image member 

is produced with such varied ?lm thicknesses of the 
photoconductive layer 14 alone as shown in Table 12 
andwiththesameotherformingconditiongandthen 
the quality of its obtained images are similarly exam 
ined. In addition, the time necessary for forming the 
photoconductive layer 14 is varied according to the 
variation of its ?lm thickness. 
As can be seen from Table 12, more than 0.5 pm of 

?lm thickness of the photoconductive layer 14 is neces 
sary for obtaining good images, so is more than 0.7 pm 
for superior images. 

EXAMPLE 8 

The electrostatic latent image member not having the 
surface layer 15 is formed under such conditions as 
shown in Table 13, as a result, slightly light but .good 
images can be obtained. 

EXAMPLE 9 

When SiC is employed for forming the photoconduc 
tive layer 14 as in Table 14, though sensitivity is slightly 
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reduced but good images can be obtained without the 
surface layer 15. 

EXAMPLE 10 

As can be seen from Table 15, when SiC is employed 5 
for forming the photoconductive layer 14 as in Table 
15, though sensitivity is slightly reduced but good im 
ages can be obtained without the surface layer 15. 

EXAMPLE 11 

When SiC conductive layer 14 is provided with the 
surface layer 15 with doping B thereon as in Table 16, 
its charge is increased compared to those in Examples 9 
and 10. 

10 
In addition, it provides an advantage that no surface 

protecting layer is necessary by applying alloy material 
as in examples 9, l0 and 12 to the photoconductive 
layer. 
As this invention may be embodied in several forms 

without departing from the spirit of essential character 
istics thereof, the present embodiment is therefore illus 
trative and not restrictive, since the scope of the inven 
tion is de?ned by the appended claims rather than by 
the description preceding them, and all changes that fall 
within the meets and bounds of the claims, or equiva 
lence of such meets and bounds thereof are therefore 
intended to be embraced by the claims. 

TABLE 1 
EXAMPLE 12 15 SiH4 concentration [SiI-l4/(Sil-l4 + {'12)} 0.6 

When SiN is employed for forming the photoconduc gsw?gijigfes’?‘l 20;)‘ 55;, 
tive layer 14 as in Table 17, though sensitivity of its High frequency electric power 300 W 
obtained images is slightly reduced but images can be Reaction Pressure 09 To" 
obtained. However, good images can be obtained by 20 substratetempera'ure 270 C‘ 
reoptimizing a developing unit. 
The examples 5, 6, 7, 8 and ll described above have TABLE 7 

expressed the cases where B2116 doped into the surface _ 
layer of the electrostatic latent image member for nega- (has ‘whage 40 v) 
tive charge, however, an element to dope is not limited 25 B2H6/5i1'i4_(PPm) 03 1 1° 5° 10° 20° 1°00 2°00 
to it but another element which belongs to III-a group Image quamy ’‘ X A o @ c A A 

of the periodic table may be employed, and also the 
same effects can be obtained. Besides, the electrostatic TABLE 8 
latent image member for positive charge as described in _ 
example 12 can also obtain the similar effects by doping 30 a (bias voltage -20 v) 
an element which belongs to V—a group of the periodic Film Thickfless (A) 100 20° 50° 1°00 150° 200° 5000 
table into its surface layer. Image quamy X x A @ o A x 

In the above examples 5, 6, 7 and 8, there are not 
provided a surface protecting layer on the surface of the TABLE 10 
photosensitive unit, however, if there is provided a 35 _ 
surface protecting layer being made of SiN or SiC with a (has “may _20 v) 
about 1000 A of ?lm thickness, it may be desirable that Film Thickfms (A) ‘00 10° 50° 100° 150° 2°00 5000 
the photosensitive unit can have its durability and the 1mg‘ q‘mh'y ‘ A ° ~ @ ° A " 

like. The surface protecting layer may be formed by 
such as plasma CVD method. . 40 TABLE 12 

Further, instead of providing the surface protecting _ 
layer, by adding carbon or nitrogen at the same time as am“ muse 40 v) 
doping boron, or the like in the vicinity of the surface of Film Thickness (Fm) 0-3 0'5 °-7 °-9 1'3 1-5 1'0 5-0 
photosensitive unit or in the surface layer, those por- 1mg‘ “my " A ° @ @ ® @ @ 
tions can be used as a surface protecting layer. 45 

TABLE 2 

Pres‘ Film 

Ts sure RF Time SiH4 H2 Bzl'ls/Sil‘h NzO/SiI-h NH3/SiH4 Thickness 
('C-) (‘on’) (“7) (mill) (50cm) (80cm) (P'Pm) (‘3%) (‘M (Pm) 

Blocking layer 270 1.0 200 3 125 200 1600 30 o - 0.3 

Photoconduc- 270 0.9 300 90 250 100 0 0 0 - 9.0 

tive layer 
Surface layer 270 0.6 300 3 “Kl->36 O 0 0 M — 0.3 

TABLE 3 

Pres- Film 

Ts sure RF Time Sil-l4 H2 B2H6/Sil'l4 PH3/SiH4 Nl-l3/Sil-l4 Thickness 
('C.) (torr) (W) (min) (sccm) (sccm) (ppm) (%) (7c) (ll-ml 

Blocking layer 270 1.0 200 3 125 200 0 1,0 0 — 0.3 

Photoconduc- 270 0.9 300 90 250 100 1.0 0 0 _ 9.0 

tive layer 
Surface layer 270 0,6 300 3 100—~36 O 0 O 80—~400 — 0,3 
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TABLE 4 

Pres- Film 
Ts sure RF Time Sills H3 B3H6/Sil-l4 N3O/SiH4 NHg/SiH4 Thickness 
('C) (torr) (W) (min) (sccm) (sccml (ppm) (‘7H (92) (um) 

Blocking layer 270 1.0 200 2 125 200 1600 30 O — 0.2 
Phomconduc- 270 0.9 300 40 250 100 0 0 O — 4.0 

live layer 
Surface layer 270 0.6 300 2 100-10 0 0 0 80—~500 -- 0.2 

TABLE 5 

Pres- Film 
Ts sure RF Time 51144 H; B2H6/Sl?4 PH3/SlH4 NH3/SiH4 Thickness 

(‘C-l (KOIT) (“0 (milk) (Sam) (SCCm) (ppm) (‘70) (‘76) (um) 
Blocking layer 270 1.0 200 2 125 200 0 1.0 0 - 0.2 
Pboroconduc- 270 0.9 300 50 250 100 1.0 0 0 — 5.0 
live layer 
Surface layer 270 0.6 300 2 100->36 0 0 0 80-400 — 0.2 

TABLE 6 

Pres- NH3/ Film 
Ts sure RF Time SiH4 H2 PH3/SiH4 B2H6/SiH4 Sikh + NH] Thickness 

('Cv) (torr) (“0 (min-) (sccm) (seem) (pm) (pm) (%) (Hm) 
Blocking layer 270 0.6 200 2 30 200 -- — 85 0.04 
Photoconduo 270 1.0 300 9 500 100 -— 0.3 — 0.9 

tive layer _ 

Surface layer 270 1.0 300 1 5(1) 100 — 100 — 0.1 

TABLE 9 

Pres- NH3/ Film 
Ts sure RF Time SiH4 H2 PH3/Sil-l4 B2H6/SiH4 SiH4 + NH3 Thickness 

('C-) (Km) (“0 (min-) (seem) (sccm) (ppm) (ppm) (%) (um) 
Blocking layer 270 0.6 200 2 30 — 1000 — 50 0.04 

Phomconduclive 270 1.0 3G) 9 500 I00 — 0. l — 0.9 
hyer ' 

“face layer 270 1.0 100 1 500 K!) — 50-»11) -- 0.1 
graded 

TABLE 11 

Pres- NH3/ Film 
Ta lure RF Time Silk H; mm Izlk/Silh 5H4 + NH; Thick-lie“ 

(‘6-) (km) (W) (min-l (mm) (awn) (mm) (m) (‘I’) (am) 
Blocking layer 270 0.6 200 2 30 200 — — 85 0.04 

Pboioeonduc- 270 1.0 300 9 500 100 - 0.3 - 0.9 

live layer 
Surface layer 270 1.0 300 l 50) It!) — 10o -- 0.1 

TABLE 13 
Pres~ Film 

Ts sure RF Time Sikh H2 Bib/Silk NQO/Silh BzHa/Silh Thickness 
(°C-) (‘011’) (“0 (milk) (m) (mm) (mm) (96) (ppm) (#111) 

Blocking layer 270 1.0 2(1) 1 125 — 1000 50 — —- 0.1 

Photoconduciive 270 0.9 300 9 250 — — -- l 1 — 0.9 

layer 
Surface layer —- - -— - — — — - -- - - 

TABLE 14 

Pres- Film 
Ts sure RF Time Sil-l; H; PH3/Sil-l4 N2O/Sil'l4 C2H2/SiI-l4 Thickness 
('0) (Kerr) (W) (min) (sccm) (sccrn) (ppm) (7r) (7:) (pm) 

Blocking layer 270 L0 200 1 125 200 1000 50 0 —- 0.l 
Pholoconduciive 270 0.9 600 9 250 100 0 O 5 — 0.9 
layer 
Surface layer 



5,159,389 
13 14 

TABLE 15 
Pres- Film 

Ts sure RF Time SiHa H3 PH3/Sil-14 NzO/SiHs cur/sin; Thickness 
('C.) (iorr) (W) (min.) (sccm) (sccm) (ppm) (‘72) (‘7d (pm) 

Blocking layer 270 1.0 200 l 125 200 1000 50 O —— 0.1 
Photoconductive 270 0.9 600 9 250 100 O 0 7 - 0.9 
layer 
Surface layer — — — — — — -— -- -— —- — 

TABLE 16 
Pres- Film 

Ts sure RF Time Si1-14 HZ PH3/Sil-i4 NgO/Sil-Ia CH4/SiH4 B2H6/SiH4 Thickness 
(°C.) (torr) (W) (min.) (sccm) (sccm) (ppm) (%) (%) (ppm) (P-m) 

Blocking layer 270 1.0 200 l 125 200 1000 50 0 0 0.1 
Photoconductive 270 0.9 300 8 250 I00 0 O 7 0 0.8 
layer 
Surface layer 270 0.6 300 l 250 100 0 0 7 100 0.1 

TABLE 17 
Pres- Film 

Ts sure RF Time SiH4 H2 NH3/SiH4 Thickness 
(“C.) (torr) (W) (min.) (sccm) (sccm) (‘7%) (pm) 

Blocking layer 270 1.0 200 l 125 200 — 50 — — 0.1 
Photoconductive 270 0.9 600 9 250 100 — 5 — — 0.9 
layer 
Surface layer — — -— — -— —- — —~ — — — 

What is claimed is: 
1. An electrostatic latent image apparatus comprising: 
a transparent supporting member having a side 30 ber is positively electri?ed and said element being 

through which light energy from a light source 
may penetrate, and 

a photosensitive unit on said transparent supporting 
member having a photoconductive layer and an 
outer surface that is electri?ed with an outer sur 
face electric charge which has a polarity, said pho 
tosensitive unit having means for forming an elec 
trostatic latent image caused by charge carriers 
reaching the outer surface; and 

imagewise exposing means arranged for providing 
light energy to pass through the side of the trans 
parent supporting member to expose the photocon 
ductive layer of the photosensitive unit and pro 
duce imagewise exposure; 

said photoconductive layer being responsive to the 
imagewise exposure‘ for producing the carriers to 
each have an associated polarity and so that the 
carriers whose associated polarity is opposite to the 
polarity of the outer surface electric charge each 
have a mobility that is greater than that for the 
carriers whose polarity is the same as that of the 
outer surface electric charge, the photoconductive 
layer producing the carriers in response to the light 
energy penetrating the side of the supporting mem 
ber and then entering the photoconductive layer, 
said photosensitive unit being mainly made of 
amorphous silicon with an element added for trap 
ping the electric charge, said element belonging to 
any of III-a and V-a groups of the periodic 
table. 

2. An electrostatic latent image apparatus as set forth 
in claim 1 wherein said photosensitive unit contains 1 to 
40 atomic percent of H. 

3. An electrostatic latent image apparatus as set forth 
in claim 1 wherein B2116 concentration of said photosen 
sitive unit is 0.2 to 10 ppm. 

4. An electrostatic latent image apparatus as set forth 
in claim 1, wherein said electrostatic latent image mem 
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added in said photosensitive unit is an element which 
belongs to the III-a group of the periodic table. 

5. An electrostatic latent image apparatus as set forth 
in claim 4 wherein B2H6 concentration of said photosen 
sitive unit is 0 to 0.4 ppm. 

6. An electrostatic latent image apparatus as set forth 
in claim 1 wherein a protecting layer is provided on the 
outer surface of said photosensitive unit. 

7. An electrostatic latent image apparatus as set forth 
in claim 1 wherein said photosensitive unit is layered in 
such order from its outer surface as a surface layer, a 
photoconductive layer, and a blocking layer. 

8. An electrostatic latent image apparatus as set forth 
in claim 8 wherein said element for trapping an injected 
electric charge is added to said surface layer. 

9. An electrostatic latent image apparatus as set forth 
in claim 8 wherein said element for trapping an injected 
electric charge belongs to V-a group of the periodic 
table in positive charge and to III-a group of the peri 
odic table in negative charge. 

10. An electrostatic latent image apparatus as set 
forth in claim 7 wherein ?lm thickness of said surface 
layer is 500 A to 2000 A. 

11. An electrostatic latent image apparatus as set 
forth in claim 7 wherein said surface layer has a B2H6 
concentration as results from a flow ratio of 1321-16 to 
SiH4 of 10 to 2000 ppm. 

12. An electrostatic latent image apparatus as set 
forth in claim 7 wherein ?lm thickness of said photo 
conductive layer is more than 5000 A. 

13. An electrostatic latent image apparatus as set 
forth in claim 1 wherein said photosensitive unit is lay 
ered in such order from its outer surface as a photocon 
ductive layer and a blocking layer. 

14. An electrostatic latent image apparatus as set 
forth in claim 13 wherein said photoconductive layer 
being added with an element for trapping an injected 
electric charge. 
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15. An electrostatic latent ‘ image apparatus as set 

forth in claim 14 wherein the element for trapping an 
injected electric charge belongs to V—a group of the 
periodic table in positive charge and to III-a group of 
the periodic table in negative charge. 

16. An electrostatic latent image apparatus compris 
ing: 

a transparent supporting member having a side 
through which light energy from a light source 
may penetrate; 

a photosensitive unit on said supporting member and 
having a photoconductive layer with an outer sur 
face that is electri?ed with an outer surface electric 
charge which has a polarity, said photosensitive 
unit including forming means for forming an elec 
trostatic latent image caused by charge carriers 
reaching the outer surface; and 

imagewise exposing means arranged for providing 
light energy to pass through the side of the trans 
parent supporting member to expose the photocon 
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16 
ductive layer of the photosensitive unit and pro 
duce imagewise exposure; 

said photoconductive layer being responsive to the 
imagewise exposure for producing the carriers to 
each have an associated polarity so that the carriers 
whose associated polarity is opposite to the polar 
ity of the outer surface electric charge have a mo 
bility which is greater than that for the carriers 
whose associated polarity is the same as the polar 
ity of the outer surface electric charge, said photo 
conductive layer producing the carriers in response 
to the light energy penetrating the side of the sup 
porting member and then entering the photocon 
ductive layer, said photosensitive unit being mainly 
made of amorphous silicon with an element added 
for trapping the electric charge being injected, said 
element belonging to any of III-—a and V—a 
groups of the periodic table. 

17. An electrostatic latent image apparatus as set 
forth in claim 16 wherein said photosensitive unit con 
tains 1 to 40 atomic percent of H. 


